ABSTRACT Antigen-specific factors associated with immunosuppressive activity, released by cultured T cells from mice tolerant to the haptens trinitrophenyl, dinitrophenyl and oxazolone, were purified by hapten affinity chromatography. Their binding specificity for antigens paralleled their immunoregulatory activity. Like some immunoglobulin molecules, these factors had blocked NH2 termini and could be bound to Fc-like receptors on macrophages. However, neither immunoglobulin constant region determinants (isotypes) nor antigens encoded by the major histocompatibility complex were detected on the suppressive factors. The purified factors occurred as 68,000-dalton proteins and noncovalently linked dimers. No associated immunoglobulin light chain molecules were detected. The factors showed a marked propensity toward degradation with major breakdown products of 45,000-50,000 and 25,000-30,000 daltons. These results suggest that these molecules are the T-cell products analogous to B-cell immunoglobulin (equivalent to heavy chains) and that they may be the antigen-specific components which act in conjunction with major histocompatibility-controlled gene products to perform antigen-specific suppression.
Central to our understanding of the mechanism by which lymphocytes respond to antigenic signals is elucidation ofthe nature of the surface membrane receptors for antigen. B and T cells, as part of their function, release soluble antigen-specific molecules that are capable ofeffector function (1, 2) . B-cell-derived soluble effector molecules are immunoglobulins whose function in the immune system is dictated by their antigen binding specificity and the nature of the constant portion of the molecule. Although constant regions ofcirculating immunoglobulins may differ from those of their membrane-associated counterparts, the two forms of immunoglobulins express identical variable regions which perform binding functions. A similar situation obtains for at least some T lymphocytes. Antigen recognition at the cellular level is mediated by membrane receptors, and T-cell effector function is carried out by soluble antigen-specific products. However, although both cell-bound and soluble forms of T-cell antigen-binding molecules have been shown to bear antigenic determinants associated with immunoglobulin combining sites (idiotypes) (3) , the overall structure of these molecules has yet to be clarified.
As has been the case for B cells, detailed analysis of T-cell derived soluble antigen-specific effector molecules should illuminate the mechanisms by which T lymphocytes perform their effector function in the immune system. Moreover, although T cell-released soluble products may not be identical to T cell-membrane receptors for antigen, they provide a vehicle that can be used to clarify the nature of T cell-membrane receptors. In this report we describe the isolation and partial characterization ofT cell suppressor factors specific for dinitrophenyl (DNP), trinitrophenyl (TNP), or oxazolone (Ox). (Fig.  3) , the major molecular species detected had an apparent Mr of 65,000-72,000.
MATERIALS AND METHODS
In some preparations, minor species corresponding to Mr of 45,000 or 25,000-30,000 were observed. Resolution of these polypeptides under nonreducing conditions resulted in similar patterns. That these minor species may be degradation products of larger polypeptides is suggested by the appearance in NaDodSO4polyacrylamide gel electrophoresis of lower molecular weight species when purified TsF that had been rebound and eluted from antigen columns with NaDodSO4urea or stored for 5 months was analyzed (Fig. 4) . Binding of Affinity Purified TsF to Macrophages. Previous studies (9) have shown that the suppressive activity of TsF requires the presence of macrophages and that these cells can absorb suppressive activity from culture supernatants containing TsF. Consequently, we determined if "2I-labeled TsF would bind to various cell populations (Table 3) . '5I-Labeled TsF was bound by cell populations rich in macrophages from peritoneal exudates and not by those containing relatively few macrophages. Inclusion of 100 ,g of heat-aggregated IgG with 3 X 106 macrophages inhibited the uptake ofTsF by 90%; nonaggregated IgG inhibited by 62%, and fetal calf serum had no effect. Treatment of the macrophages with Pronase or trypsin abrogated the absorbtive capacity ofthe cells for TsF; treatment of the cells with neuraminidase had no effect. Serological Analysis of TsF. We explored the serological identity ofTsF with a series ofspecific immunoassays using TsF as a competitive inhibitor, using TsF coated onto plastic microtiter wells, and using 125I-labeled TsF, antiserum, and S.
aureus protein A to precipitate any complex formed (Table 4) .
No immunoglobulin heavy or light chain isotypic determinants were detected, nor were murine albumin, viral protein gp7O, or major histocompatibility complex (MHC) region I, or Lyt determinants. In addition, adsorption ofculture fluids containing TsF to anti-Iak-or antiIJk-conjugated Sepharose beads did not remove suppressor activity. All these immunoadsorbents were able to bind their specific ligands.
DISCUSSION
These results show that the soluble mediators of antigen-specific suppression made by T cells of mice made tolerant to reactive haptens (9) have the following chemical characteristics:
(i) Antigen binding and suppressor activity are associated with molecules in the size range of70,000-150,000 daltons and, in some cases, larger weight species. The larger species are probably oligomers of noncovalently linked 65,000-to 72,000-dalton monomeric polypeptide chains as ascertained by NaDodSO4/polyacrylamide gel electrophoresis. Thus, the basic antigen-specific unit ofTsF is similar to immunoglobulin heavy chains in size. (9) of TsF and is reminiscent of the cytophilic binding of Ig-like molecules derived from T-cell membranes but not from B cells (12) . The failure to find Ig markers in the hapten affinity-purified proteins indicates both that the TsF has no standard in Ig markers and that the tolerizing regimen was effective inshutting off B-cell responses. Because antigen-specific T-cell proteins are labile, the presence, in NaDodSO4 gels, of light chain-like molecules obtained from T-cell isolates cannot be taken as evidence for T-cell light chain without further documentation.
(iii) Hapten-specific TsFs do not express antigenic determinants encoded by the MHC genes. Although negative data cannot definitively rule out the presence of MHC gene products on TsF, they do rule out the presence ofthose MHC gene products with which our antisera have been shown to react: a T suppressor inducing cell and its cell-free mediator (13); the acceptor cell for this mediator (13) ; the inducer, acceptor, and effector cells in the contrasuppressor circuit and their cell-free mediators (14) ; and a non-T non-B cell required for a number ofin vitro immune responses (15) . Conspicuously missing from this list is the effector cell(s) ofsuppression and (their) cell-free product(s). In other systems we find these also to be MHC negative (13 20 30 With NaDodS04/urea sample buffer, (B) after5-month storage (with several freeze-thaw cycles). Proc. Nad Acad. Sci. USA 78 (1981) 
